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nKL. zzx\ mm^mx^¥i(^^K^'^ii^tn-x\y^^itkM^tifz^^-W:x^mii 

• W!tmm<7)mw<D^mx^m\'^^'\'^xM'^mKi:m^<D^^x^m^m^L. i^-e, 
miMitm^j:m^<^^^^x^n<7)^fi'eK<7)X^mii. mtzr^'i^^^^^'^x^mKit^Lx 

m^TM 3 ] 

tiifiX^Mi^xnUT'-^^-:^7b^^K^'fimW<T)i'y Y(DX^<DM'k^-f^ 

HO fe:*:^^J i3 J: Er - ^ ^- >^ tl-etL T 5 y ®02?|J * li D N A / R N A 
@e^!j^^1-;|,i<l:^M<!:t- 1 'Sr L 4 (7) 9 ^</^rtt>5— SIE«<7):&feo 

t^mWt-fh. ^^ai ^ViL4(^9 *><'^t'tL>5^-:J(fEic(7)^^£o 
m-$.^ 1 4^v^ L 9 (7) 9 *>''^t"ti/5— mi;<7):^fe(7)^x y'^%^7t i>t\M^^^^t 
[^^^jH 1 1 ] 

2] 

• V ^ -g- -i^ X =^ ^ ^ ^- (r)-f@i^ CO A .t) p«i ^ ^ # ^5 -(t X ^^j tc ^ fij-r s 

• mrie^-(7)^^(7)A^Paii/^-^fo-iJ::i:^^j(7)^ti-f ti<7):fc^^jti^tf lt^^s^-o^i^ct) 

^^X^J^i^^mL. ^iT% Birie^-<7)ji^(7)i£^:fc^^!j(7)^;fL^tL(7)X^^ytiM^(0 

^-(7)«|!t<7)^ 19 =gr^t^ ^(7) t l-i) J: 9 '^ft^^S <!: , 
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mi^^ 1 3 ] 

4] 

=r>ejL-^||^5ll9 JC|5^$ tLTt ^ 9 A 3 - K#|S: L . r? > tf a - 

[0 0 0 1 ] 

[0 0 0 2] 

t Tt^t V >- H ^ BCI" ^ o 
[0 0 0 3 ] 

fi t ^7 - ;v H ^-r o 
[0 0 0 4 ] 

[0 0 0 5 ] 

[0 0 0 6 ] 

[0 0 0 7 ] 

^^i]#lt^5, 9 6 3, 9 5 7#{±^';^-r-^'^'-;^^;t1-^mMa->7.xA^i3^ 

fB#B3->-^>7.t±1--^T¥fS5tJ^^S#-r*7ti6lc;SMW'^|5gfiSJt^{c (scale d e 

gr e e) KU^it^ flX ^ ^ X1d^^fz'^imt^'^(Om3Mt<Dm<D-^^n.^-r 

h #BB V - ^ > 7s n ill- ^ mmmm^k^^^^ (Dx^i^o 

[0 0 0 8 ] 

Du, D. W. and Chang, S. C. (1994) "An Approach to Designing Very F 
ast Approximate String Matching Algorithms" li\^'^Km^ts:'-&^XX'^'^^\^ y ^ y 
7*(7)g|7^1'b'';.7CA^It(7)^,^iL] , IEEE Transactions on Knowledge and Data En 
gineering, 6 (4) , 620- 633-ef± 9 -o<DW^(r>%^n v 7 ^ > ^'t^ $ t> ^y^; $ 

[ 0 0 0 9 ] 

■f-y ^'^^in (Dx$)^o 

[##lt3tE 1 ] Myers, E. (1994) . A Sublinear Algorithm for Approximate 
Keyword Searching, Algorithmica, 12 (4/5) , 345-374 
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[0 0 10] 

[0 0 11] 
[0 0 12] 

[PM^M-*1-S7^:a6<^#g] 
[0 0 13] 

[0014] 
[001 5 ] 

&^x^mi^^^^xw^n,^m^<7)mm^X'Dxm^o 

[0 0 16] 
[0 0 17] 

(4> ^'^t:^ffi(4q i^*^ A (q-gram) -ffi, ^JlSS^^jc (suffix tree) ffi, ^Ttti^N -^v 

• tiur- ^ Ts-i-^h^M"^ iitz%±-'^x^m^^^j:^fx$)^mm(om^(^^mx^ 

• Munm<Dm^<o^mx^mi^&'^'^^xMi^&^r£m^m^M:X^¥^}'k'^^-r ^ o ci^x 
-^^^^^m^(Dm~<Dm^m^<7)m^'^:^Lx\,^:bo 

[0 0 18] 

M-ik<^--0(7)7.-f y 7lz^\,^X a. mb<7)7.-ry7'4 0 0 *5 J: 5 0 OKi^^^X^^M-^ 
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[0 0 19] 

[0 0 2 0] 
[0 0 2 1 ] 

[0 0 2 2] 

[0 0 2 3 ] 

o 

[0 0 2 4 ] 

1-<b LTtm-^O (I<=1) f..^\.^^h^X^m<Dm-o(7yi5:U-^X^n<^r-^^-7.^Xco 
^W.-A^yi^^ilX\y^^o m^^io^X^m. (#Mt^-^3 4) C7)abacababcfi 3:fc^/itt<7)7 
Ji'77'^-;'h I 'a- , 'b' , 'c' I Ti-hm&^^X\^^;ho |g^)^^-oL5$^lt?tl'5r</^ 
(k=l) , ifA^tiTtfS-f ^-^tfM-KC (/ctx.(f#M-t 3 O^abacababbc) . 

mm^^fcm-^-^^ty&m-^ (fztA.immn^3 icoabcababc) . m^^ufzm^^ 

■^hmi-^ (fzt ^ If 3 2 (Dabacabcbc) , ^LX^±-^ (-f^^^ib. 0m 
^f-^ 3 3 (7>abacababc) ^^Mt-i3 v^T-iKH li. P'^^^^^-^h^X^m 

^m^fz/zi^izmM^n.^ X 0 ^j:ic^m<o^n^^7o^iji)mm^fix\,^:ho 

[0 0 2 5 ] 

3^^tfznx$)hc 'm^^£%-^-Wi7)V-3'^) XA<7^^^^uSt'^\'^-t;btzit>K\t. 

X^nr-^^-T. (#M^^-^8 0) i)>h^7y-^yx {y'')7'u^y^tLX) 

:^tfz^iq^yJ^<DX^^j:^^^j:-( > r y 7,mM^mmLX i5 < 'j^^W'f)^^i>o 

^^fc^iLT. mm-r^^mi^tC'j^y7x^^zt^'gMLx\,^ho q^'y^^yr 

y'yj^it. T- ^^'-y'PKiM.hi,^^ q>0(D^h^^3^X^¥^i<^iiLW'^^nLX\^^ 

L7tix.ff-r-^-^-;^;6^':fc^^!|abababcabcabacab. . . Ti-^h^J:^ii<Dt-r^ 
q^'yJ-HM^ 4<7y^h<^^U^X^m<Dm^n^^ibh^t},z^j:^o ahab^ baba, ab 
ab, babe, abca, i: v> o /c^-^-e$,^o ^^lh<7)3^X^mim%k'titoX4 yr-y ^ 7. 

^<o q^y i^KX^x. ^^m-^q(r>m\^^%h^(r>%^-^\,z^\,^x\i-^^x. ^yr 
yi^^m^^%\%Lx^^^y(nm^.^Mnti>^tKX^xr'-9^-y^(DUW^%^ 
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2^(Dmmmti:^\^^:^iiMyers (1994) KB^hfiX^^^&o 
[0 0 2 6] 

[0 0 2 7] 

;'::i:;t^^^ i tiff . 7C*c7)ro^v^'^^:)-^ (jt^^J) {^^»/>T*^K&#t>LTOif 

ba, nm^^tf^hi^i>X^mbb, aba, bba, }f ASr^tc* f)*9)*:t^^Jaabba, babba 
. abbba. ababa, abbaa, abbab, tTM|^S-^tf*f)>{l>'l>:t^?(|bbba, aaba, abaa, ab 
bbt 
[0 0 2 8 ] 

m^<DX^n<r>&^im^&i}iz^^-t^:it-i)^'C^& (Myers, 1994) „ 'hL^^h'D 
[0 0 2 9] 

^m-f^x^. ci^y 2^^j:^mikLtz'^(D^mijm-^£^^m\^^x^'k-'^\^ i;.^iik%-t^ 

[0 0 3 0] 

rnlv^-a-to-^lt^^J^ 3:fc^/ift607;uy h ! 'a' , 'b' , 'C J >5^t>:g|fig$ 

tL-?>abacababc<t L. ^t9 V'-^^HiS t-eK^^-r-ij (k=3) ii<D t L X o o f^^^^t^^K 

• (7^^ t X- (f . i tLHet ^ i ccccababc;i)5^^o^f -C<?f^o;J^;5,) 

• ^ ^mi^ {fztk. ababbcabc) 

• -kU-h^-^^^K itztk. ff abacabbca) 

• m^^h^-X^m t < (Tt: t x. f^abccacabb) 

Fpgv^'^to-^:fc^^j;6>'3 0(7)fp^tcj9-t!i?tL-& t-r^<t (p=3; i(^±§-^. ^(Dmx(Dm 

v^'g-*3-^:i:i?:^JabacababcfCi3lt'i)g|S^^C^^J{iaba, cab, abct;^^) , 
-^:fc^5^yabacababclco^»T, ^h^Tt^-X^n<r>%-k-m^M.^i)-^'otzb^^^Xii . 

'km^^t>^^m^-r=b/zi6(o^m^j:mmt^^j:bx^^fz<7)'(:^^^ ^^tizntx. i^u 

7.i}y-r'iy^ (cross- cutting) <7y^m \t . 'i^^X'^m ^^^.-fhnK. (II »9 ^) mT 
^km^^^^t ^^t\zX o Tiij)D&<j'^ 7 ^ j:^ r 7**^^ ^ <7) T'^, ^ o fA^ ? tl>5> i5 



(7) 
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[0 0 3 1 ] 

[0 0 3 2 ]. 

m. (edit- distance) co^U^-ekay-e*^ . *-^i/^a^-e#V>-Ca (A, B) ^ktt^o 

= (ki, k,, kp) s-ft^^oi^^c^M-e 

[0 0 3 3 ] 
[^1] 



20 



[0 0 3 4 ] 
[1^2] 

'Zi>^j_+\-d(A,_,Bj^))>C 



tli>ib^$^^*-^^^'M1--&o 30 
[0 0 3 5 ] 

mm:BA^2d (^, =a (A, B) Cfn(ii=i/^-f)P^T^] t =5^-1, J: 9 t'Pii<^» 

X^fl^^:tii^j:\,^ii<7yt-r^o ^(DX o^j:B<Dj^m^MV'> k,+1^8 (A,. B, ) t^j:^ 

[0 0 3 6 ] 
[^3] 



C = 1; ^, + - A: < 2 + 1 - 5( 4 , 5, )) + 1 - , /?, )) 



40 



/-I 1-1 >.l 



m^%tW^^<Ty^et^$}h^^<r)^i$.^mtz^^£\1^n.\fij:(^fJ:\,^Z.t^^-<X^^:bo ^(r> 
1) -e C^Dfii = l>J^ibpiT-] (i^-'^ < i: 5eicC= sk^ +p-k (^t](ii=l;$^ibp^-e so 



(8) 
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[0 0 3 7 ] 
[0 0 3 8] 

m 2 K^tX 9 Fn^</>#^^-a-::fc^^Jabacababc ^ 3 4) ii 3 ^<7)$^^X^m 

K5^m^il^ (P=3) o W^^^m^-^n-^f^nx^i, (k=3) ^t^S^HL. k,.=-noo 
r (k/p) =1 [floorlij^rsl^] *3 J; 0^C= 2 k, +p-k=3 Cffi|ii = l;5^e>p^ t^m 
■r^o ^^^yX^MKMLX. &^X^m<D^-k {-f^Jihib. ^tL^tl#M^^3 8-4 
K 42-45. 46-49) t^^^^h. J: oT ^ ^-X 

^x-^'B^^^o ^<o'i&'^:^^n^=$.(Dm^x\±. ^^txK^^i^^tz'k'&^x^ntD 
'M.m'ri>^&^x^n^^f£^ftzii<Dtim^^^h'^<Dmx-^<7y-^tf3: 

^ ^ ^^■^t'ni>-^<^m'^t^^J:^iiho i5#jt^?!Jaba53 J:0=cab(7)i:oo-|!i: (HI 2 <7)#Ba^f 

V^-i:$-gLT»/^;2, (l-'&^o*,. 6=0^2 (k,+l) -e=4^C=3 [fniSi = l;^^^2t-e] 

) o ^^x'txKf^'^^^iD^Kn-r^>^Wj:^&^x-w^^i!)^'Dfz^ti)^^if)^i,c, 

^T8.^X^m-b^3-oWiy)^^tst\^^nMM.(r>m^xii. n^coy-f ju^f y^/^^fii/i 

^±-t^coX^:ho 3S#:i:^?lIabci3 J: t/caat'Mt-^-oco-i: (|12<7)3 l #BS) (izi 
^<7)W:^'^^^i>m^'k^LX\^^^ (■t^j:t>ib. 6=2-^2 (k,+l) -e=2 [^□(ii = l;6^t,2 
fT] ) c m\^^^io^co^^j)fj:EU~m^t t'ti,tz)st)Kii. :^tc*-i>i5# 

2<7)'^mM^3 2^^m) (i1-en 4 o<7)^^) ^^^-ev.^ ("T^fc^:?^, e=4T2 (k, + 
1) -e=0 (_mii'i = U^h2tX} ) o ^tLT-1-eiiic7)i5#S:^?!J<7)n)fiFp^</^'a-fe-^Oi5 

[0 0 3 9 ] 

q A ^fflV^tU±\ q ^mi^j:\'^-§:$<DX^n<D±mnmt^x^$^^izMMK^^ 

[0 0 4 0 ] 

^^mi^<7)^^0^''h <y -l^(D^mt<f^^^=ho m^HiMit^<f> (Pa) =(7^ 
(P) +^ (a) tcJ:oTg^lc:^^^!JtcMr'^<5>o CiT% P{1 2 ± (?) ^^^0 . ali2K 
-g-Sti<l)|e-f-r'*^o b= [0, cr"-!] KMLX. Bucket (b) = |i : ^ (a,a,^ ,-a, 
+ q- i) =N t1-^o l-'t^p-t,. Bucket (b) ii <f,mi)^bX'$)^ X n ^j:cm<7)U-^-7!i-^h^J:& 

~m<DX^n<omi^^if^^^mm<D:^t^mi^<^p^.x.^^^ii>m^x^i>^ 

[0 0 4 1 ] 



(9) 
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ii^^lJfflttLff, A^;fci6-2>0 (n) c^^^^^HJ: oT^tfT-i -2.0 ^J^fi^ 0 (nlog (n) 
) (D^^ -J ^V-Y^m\'>X 4, ^ ^^[^(j^i, ct 9 ^ 'J;^ Mndices= <i,. 

i,, i„> /i)^^fefi5;T-^&o Se^JHeader [b] =tnin ) j : ^,„,,„, [ j, =b( 

Indi ces ^ i6 -5. 0 ( n) <7) J: o T ifig; ? tl ^ o SB^J Indi ces^ J: CFHeaden{>?Bucket<^ 
%^^^'!^Lfz%<Dtt£ho Bucket [b] = |Indices [j] ; je [Header [b 

] , Header [b+1] -1] ( t^Jiho 
[0 0 4 2] 

be (P) <t'-", (P) +1) ff"-'-!] fcMI-^ Bucket (b) o^'t (^'Sr -So 
[0 0 4 3] 

Fp1(/>'^fe-fr3t*^JP(7?5$:dsq^MATV^-l.:^^Jifi. P<^^fe@^(7)ii'g-{iBucket 

(Pq) ) ^^^-^-e^s^ t:6«*3>5^i>o cici-e. Pqi±p<osiDocHioia-t:d^f>'^-s.:J:^ 

:t^^JP<7) (^^^) kS^i(iP;$^^<7) (HI) SE^;6^'ki.:jlTT*-l>-r-<-C(^:S:^^JO* 
-^i LTgar-§:i,o t-'&feT^. li (P) = IQ: a (Q, p) ^k| „ 

[0 0 4 4] 

iJC^^JPc^M (condensed) ki5#(i P 0^^^k^#l-:S1-.i> 1--<T(7):i:^?!|co ^ *, 
^^^^/i;fci/^!b(7)(7)^^-e^:i>o ■f'^fe^.s Q (P) = |Q:QeN 
, (P) ;6^oQ(il^ (P) nK^vy 4 y 7.^i,tc^j:\^^\ <> 
[0 0 4 5] 

^T^J (dynamic progranming matrix) (on^i>thn'^t\n'fh^t\^li>o ^^mi)^ 

o ^ L1--<T(DJ^> h ';-;6^'kJ; l9;*CgtttL{f. 7;l- n*'; X A =t i: tcM^ ^ i 75^T~§ ^ 
o >^c;?f$fflic^ ^) . ^cr)7;U3''JXi.(iki5#n^i9;Sr;i>^^«ki£^(c(i-^ttL 

[0 0 4 6] 
[0 0 4 7] 

HI 3 Ji v^^fc-fr:fc ^^j (^iS-iij >e (D^k(r>i^n<f^m'}- * ^ <7) M ^Sr^J r-^ t t 

o 

[0 0 4 8 J 

Pol V^-^to-lJ-^t^^J (#.BS4?-f- 3 4 ) ^ ^- X i^B^M^ 8 0)4^ T-1^S ? tL 

6.37 cfcor^?tLTl/>:2>o 
[0 0 4 9 ] 

^) t^xM^^^t>'tx^n<^^K^'K\iznLX'fEm^^^o -t^fct?*,. #,m^3 5(7) 
xM^^'^^^-x^m^nLXM. nii.^^ (#Mf-^3 8, 39. 4 

0^41) 5()^*jc^;?ii^o 
[0 0 5 0 ] 

<^i5.^X^m (#M4^-^4 2. 43. 4 4 . 4 5) ij^'m^^^lhc 
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[0 0 5 1 ] 

^<^)5.^%^n 4 6 . 4 7 . 4 8 . 4 9) i)^'m.m.^^ho 

[0 0 5 2] 

[0 0 5 3 ] 

M3t^^jT-^^#Mlf-t3 8(±#M^^-^5 Oc7)^il:-i:^4x.&o %\\<r>n^mf h t . 
[0 0 5 4 ] 

^LT^^a^ti/i^^^^ar^i/^'^^^-^:^^?!] (#m^^3 4) i^-gci-^wa^'^.i^t^:^ 

^(D^fi^'M. 'il>t\ '1^t^tL7t:^M(7)^P^:fc^^J (#BBt^-t5 0 - 5 3) <7)-o, 
^5^$tL7t4'g^^*^:g-:*:^^iJ (#M^-^5 4-5 7) (^-o, ;^t?tL;t: T^M^M c7)§|S 
^X^n (#.m-t5 8~6 1) c;)-055^lb^i>o J: 9 t-ffi^>'^T0e$:H;& 

[0 0 5 5 ] 

iU¥ti^^\^^x^mKii. $^^K-^\^^x^(Dm\]K^mcx o ^^^mx^^cDx^^^ 

[0 0 5 6 ] 

Vom. 75ySIOSS?iJ^DNA/'RNAcom^SS^J-e4) ctl^o ^n-tC^jSLT. |WI 

^^^X-^nti,, ^<<D^\^^X^nt^^Lh^i><r>x^^o 

[ 0 0 5 7 ] 
[0 0 5 8 ] 

mb\immiim^<Di^^x^m^^n-rhi5m^7fiLx\^^:ho W5m\t (^^itx<D 

060) m?m^3 0-33 f'^j: ■ox^^$fi^Mr^m^j:m&.(D^^^x^n(o^.^^i-t^o -t 
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